Seven DNA fragments containing putative protein serine/threonine kinase genes were cloned from Streptomyces coelicolor A3(2) by hybridization with a 165-bp amplified polymerase chain reaction product of pkaB containing kinase subdomains VI, VII and VIII. Among them, the nucleotide sequences of three fragments containing subdomains VI, VII and VIII were identical, while those of one fragment were identical with that of afsK, another protein serine/threonine kinase gene. However, these kinase-like genes with very similar nucleotide sequences were distributed on the chromosome of S. coelicolor A3(2). z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Protein phosphorylation is one of the major regulatory mechanisms in the signal transduction systems of both eukaryotes and prokaryotes. In prokaryotes, phosphorylation occurs primarily on histidine and aspartate residues, in the so-called two-component regulatory systems [1] , whereas in eukaryotes either tyrosine or serine/threonine residues are typically phosphorylated [2, 3] . Numerous eukaryotic protein kinases have been cloned and sequenced, and a series of 11 conserved subdomains (I^XI) have been identi¢ed [2] .
Streptomycetes are Gram-positive soil bacteria that show a characteristic morphological development cycle that involves the production of aerial mycelium and spores, as well as the biosynthesis of numerous antibiotics and other secondary metabolites. Morphological di¡erentiation and antibiotic production are controlled in part by common mechanisms [4, 5] . Among these, several clearly involve protein phosphorylation. A number of typical prokaryotic two-component systems have been identi¢ed in the genetically`model' strain Streptomyces coelicolor A3(2) and its close relative Streptomyces lividans 66, including afsQ1/afsQ2 [6] , cutR/cutS [7] , and absA1/absA2 [8] . More surprising, perhaps, was the identi¢cation of a signal transduction system involving a serine/threonine type protein kinase, AfsK and its putative target, AfsR, as a regulator of antibiotic production in S. coelicolor [9, 10] . Indeed, the e¡ects of inhibitors of eukaryotic protein kinases on antibiotic production and sporulation in Streptomyces griseus suggested that several such enzymes are involved in regulating the developmental cycle [11] .
In an attempt to reveal relevant kinase genes, Urabe and Ogawara [12] used a polymerase chain reaction (PCR) approach to identify two further serine/threonine protein kinase genes in S. coelicolor A3(2). They were named pkaA and pkaB. Here we show that there are several further kinase-like genes located at disparate positions on the S. coelicolor chromosome, some with extremely similar nucleotide sequences, at least in the kinase domain region.
Materials and methods

Bacterial strains, plasmids, and media
Escherichia coli K12 JM109 was used as a host for pBluescript II SK and its derivatives. E. coli and pUC119 were purchased from Takara Shuzo (Shiga, Japan). E. coli was cultivated in 2UYT medium [13] . Streptomyces coelicolor A3(2) M145 was used as a DNA donor. It was cultured in liquid YEME medium [14] .
DNA manipulations
Preparation of plasmid DNA and in vitro DNA manipulations were carried out as described by Sambrook et al. [13] . Enzymes for DNA manipulations were obtained from Takara Shuzo (Shiga, Japan). Southern blot hybridization was carried out by the method of Southern [15] as modi¢ed by Ishihara et al. [16] . Polymerase chain reaction was done by the method of Saiki et al. [17] .
Nucleotide sequence determination and sequence analysis
The nucleotide sequences were determined by the method of Sanger et al. [18] with the Sequenase 2 kit.
The similarity of the amino acid sequences were analyzed by using FASTA [19] and GAP [20] programs.
Mapping of the fragments on the chromosome
The positions of the fragments on the chromosome of S. coelicolor A3(2) were determined by hybridization to ¢lters carrying DNA from the ordered cosmid library of Redenbach et al. [21] . Fig. 1 . Southern blot hybridization of a protein kinase gene probe to S. coelicolor DNA. Chromosomal DNA of S. coelicolor A3(2) M145 was digested with ApaI and the hybridization was carried out by the method of Southern [15] as modi¢ed by Ishihara et al. [16] . The probe was an 165-bp PCR-ampli¢ed fragment of pkaB containing kinase subdomains VI, VII and VIII [17] . The hybridization was done at 42³C overnight in a bu¡er composed of 45% formamide, 5U Denhardt's solution, 6U NET (900 mM NaCl, 90 mM Tris-HCl, pH 7.5 and 6 mM EDTA), 10% dextran sulfate and 0.5% sodium dodecyl sulfate (SDS). Washing was performed with 2U NET for 10 min at room temperature; 2U NET and 1% SDS for 20 min at 50³C twice and then 1U NET and 1% SDS for 20 min at 50³C twice.
Results and discussion
Cloning of the fragments
To clone the fragments containing eukaryotic-type protein kinase genes, a similar method was used as described before [12] . The approach was to hybridize an ApaI digest of the S. coelicolor chromosome with a 165-bp ampli¢ed polymerase chain reaction (PCR) product of pkaB containing kinase subdomains VI, VII and VIII [2, 12] as a probe. Six bands were observed in the gel, in addition to those corresponding to pkaA and pkaB (Fig. 1) . The sizes were: 9.4 kb (sch1), 4.5 kb (sch2), 3.4 kb (sch3), 2.3 kb (sch4), 2.0 kb (sch5) and 1.8 kb (sch6). ApaI fragments from all six bands were separately cloned into pBluescript II SK and the colonies (the E. coli JM109 derivatives) containing these fragments were identi¢ed by hybridization. Restriction analysis of DNAs, which were isolated from the colonies transformed with sch2 
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fragment, indicated that sch2 represents two di¡erent fragments, which were named sch2-1 and sch2-2.
To con¢rm that these fragments carried serine/ threonine kinase-like genes, we ampli¢ed fragments by PCR and sequenced the products. PCR was carried out using four synthetic primers and the seven DNA fragments described above as templates [17] . The sequences of primers 1 and 2 were 5P-TCATC-CACCGCGAC-3P and 5P-GTCGTCCACCGCGAC-3P, which were designed according to the consensus sequence (IHRD or VVHRD) of subdomain VI of eukaryotic serine/threonine protein kinases. Primers 3 and 4 had the sequences 5P-CTCCGGGGA-CATGT-3P and 5P-CTCCGGGGCCACGT-3P, respectively, designed on the basis of the complementary strand of subdomain VIII of serine/threonine protein kinases (MSPE or VAPE) [2] .
Nucleotide sequences of the fragments
The nucleotide sequences of the ampli¢ed fragments, determined by the method of Sanger et al. [18] by using Sequenase 2 and 7-deaza-dGTP, are shown in Fig. 2 . All the sequences, except sch1, contained a conserved amino acid sequence (Asp-PheGly) in kinase subdomain VII, while sch1 contained the sequence Asp-Leu-Gly. Moreover, the sizes of the ampli¢ed fragments were about 160 bp, indicating that the distances between the kinase subdomains VI, VII and VIII are conserved and reinforcing the conclusion that the fragments are those of protein serine/threonine kinases. Interestingly, the nucleotide sequences of the 160-bp fragments of sch2-2, sch3 and sch6 excluding the primers were identical, and those of sch2-1 and afsK [9] were also identical (Fig.  2) . However, the numbers of restriction sites in sch2-1 and afsK were di¡erent: afsK had seven SacII sites, while sch2-1 had only one; afsK had two HincII sites, while sch2-1 had one; and sch2-1 had two NcoI and StyI sites, while afsK had none. Evidently, the putative protein serine/threonine kinases in sch2-1 and afsK are di¡erent genes.
Chromosome mapping of the fragments
Using the seven ApaI fragments as probes, their position on the chromosomes of S. coelicolor A3(2) was determined by hybridization to ¢lters carrying DNA from the ordered cosmid library of Redenbach et al. [21] . Thus, sch1 hybridizes to cosmid M1; sch2-1 hybridized to cosmid 9D7 of AseI-B; sch2-2 to the overlap between cosmids 5B7 and F81 on AseI-F; sch3 to cosmid 6E10 of AseI-C; sch4 to the overlap between cosmids D65 and D69; sch5 to D63; and sch6 to the overlap between cosmids 6E10 and 6G10 of AseI-C. The approximate locations of the seven genes on the chromosome of S. coelicolor A3(2), together with those of pkaA/B and afsK, are shown in Fig. 3 . It is concluded that several kinase-like genes with very similar nucleotide sequences are distributed on the chromosome of S. coelicolor A3(2). Whether or not all of the genes are functional, and their possible functional interrelationships, remain to be determined. However, preliminary experiments indicate that at least the nucleotide sequences of N-terminal regions of these fragments comprised the consensus sequences of eukaryotic-type kinases.
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